Botryococcus braunii strain Austin and strain Berkeley cultured under the same conditions contained 27.4g and 34.0g of lipids per 100g of dry alga, respectively. The lipids in the former strain were 25.5% hydrocarbons, 58.8% other nonpolar lipids, and 15.7% polar lipids, and those in the latter strain were 71.6%, 9.2%, and 19.2%, respectively. Distinct differences were also observed in the components of the nonpolar and polar lipids, especially in the latter, between the strains. The fatty acid composition of the nonpolar lipid fraction in Austin strain was unique, oleic acid being 81% of the total acids.
The colonial microalga Botryococcus braunii is a freshwater autotrophic species belonging to the Chlorophyceae and is knownto produce unusually high levels of liquid hydrocarbons.
The alga has been proposed as a renewable source of fuels from recent concern for future energy requirements. It occurs throughout the world in a wide variety of climates and includes several strains which are classified into two races, A and B.1} The A race accumulates linear olefins, odd numbered from 23 to 31, chiefly C27, C29, and C31 dienes or trienes, whereas the B race produces polyunsaturated triterpenes of the general formula CnH2n_10, n= 30~37, termed botryococcenes.1^These
findings suggest that the same strain is unable to yield successively the two types of hydrocarbons contrary to previous proposals. 5 Fatty acids of the total, nonpolar, and polar lipids were isolated after alkaline hydrolysis (6% KOHin methanol), methylated with boron trifluoride-methanol complex,30* and analyzed by gas-liquid chromatography on a 2m x 3mmcolumn of 15% diethyleneglycol succinate on Celite-545 at 200°C using a Hitachi 063 gas chromatograph with a flame-ionization detector. Peaks were identified by comparison of retention times with those of authentic standards and the relative composition was quantified by integration of peak areas.
RESULTS

Content and composition of lipids
Both strains contained similar amounts of lipids (approximately 30% on a dry weight basis) but large differences in their composition were detected as shown in Table I . The proportion of the hydrocarbon fraction to total lipids in the B strain (71.6%) far exceeded that in the A strain (25.5%). In other words, a where. Besides hydrocarbons, small amounts of wax ester (4) and carotenoid (spot with oblique lines) were detected.
Thin-layer chromatographies of the fractions containing nonpolar and polar lipids revealed great differences between the A and B strains. As shown in chromatogram II, the nonpolar lipid fraction of the A strain was resolved into many components, some of which were identified by cothin-layer chromatography with authentic standards as sterol ester (spot 1), wax ester (2), triacylglycerols (3~5), free fatty acid (6), diacylglycerols (7 and 8) , sterol (9), chlorophyll (10) , and monoacylglycerol (1 1 Percentage of total fatty acids.
-, not detected.
(20 : 1) acids. However, a striking difference was found in the nonpolar fractions, oleic acid occupying as high as 81% of the total fatty acids in the A strain. In the corresponding fraction of the B strain, palmitic and eicosenoic acids showed decreases to some extent but still remained as major fatty acids next to oleic acid, giving an essentially similar composition as those of the total lipid and the polar lipid fraction.
DISCUSSION
In this study, we have presented evidence that there are some distinct differences as to the lipid composition of the A and B strains even though they are cultured under the same conditions.
In the first place, the A strain accumulates much smaller amounts of hydrocarbons and produces much larger amounts of other nonpolar lipids than the B strain. Secondly, the profiles in the nonpolar and polar lipid fractions of the A strain are typical of those found generally in microalgae24,2?,29,3i) but in contrast? those of the B strain are unique. Thirdly, the fatty acid composition of the nonpolar lipids in the A strain possesses a distinct feature: oleic acid occupies as much as 81% of the total acids, though an abundance of palmitic and oleic acids is commonin freshwater green and blue-green algae. 32'33) Wesuppose that the great differences recognized between the two strains should be related directly or indirectly to their discrep- It is generally accepted that phospholipids are indispensable constituents in the cell membrane of all organisms including microalgae.
However, the polar lipid fraction of the B strain did not contain detectable amounts of phosphatidylcholine and phosphatidylethanolamine which have been reported to be present as major polar lipids in the microalgae so far investigated.24~28)
The reason for this strange finding is not clear, but at least, incomplete extraction of the polar lipids from the B strain maybe excluded because microscopic observation of the sample homogenate during the extraction of total lipids by the method of Bligh and Dyer ensured thorough destruction of the cell membrane and because the identical procedure gave those phospholipids in the polar lipid fraction of the A strain, of which the morphological structure of the cell wall is known to be fundamentally same as that of the B strain.8) In addition, repeated experiments on the extraction and analysis of the polar lipid fraction of the B strain showed similar results. Further work, however, is clearly needed to elucidate the unique composition of the polar lipid fraction of the B strain.
